INTRODUCTION
The vertical gradient of downwelling radiation is an important determinant of upper ocean structure. Models of thermal structure in the upper ocean are very sensitive to the way the gradient is represented in terms of the components of optical attenuance [e.g., Simpson and Dickey, 1981a, b] and to the magnitude of the attenuance coefficients themselves [e.g., Kraus and Rooth, 1961; Denman, 1973] .
In the open ocean, where concentrations of suspended sediments and absorptive dissolved materials are small, an important variable affecting the penetration of radiant energy is the concentration of phytoplankton pigments [e.g., Jerlov, 1976] . Concentrations of phytoplankton are variable over 'many scales, in both the horizontal [Platt, 1975] and in the vertical planes [Cullen, 1982] . It follows that the attenuation of irradiance and therefore the local heating may vary on these same scales.
Vertical fluctuations in heating rate caused by vertical structure in the phytoplankton pigments are a potential source of thermal instability in the upper ocean. A ubiquitous feature of highly resolved vertical profiles of chlorophyll fluorescence [Lorenzen, 1966] taken in many parts of the world is the presence of a strong sub-surface maximum [Cullen, 1982] . Although this maximum of fluorescence may not necessarily represent a maximum of phytoplankton cells, it generally does represent a maximum of chlorophyll or chlorophyll-like pigments. In this paper, we address the question 'Under what circumstances can this sub-surface chlorophyll maximum induce an inversion in heating rate leading to a density gradient that is inherently unstable?'
FORMULATION OF THE PROBLEM
The conservation of radiant energy is generally stated as [Gershun, 1939; Preisendorfer, 1976 
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Here, Eo is the magnitude of the downwelling irradiance, Cp is the thermal capacity of water, p is the density, and F(z) is the integral from the surface to z of the attenuation coefficient for downward irradiance. The depth z = 0 refers to just below the sea-surface.
In the vicinity of the chlorophyll maximum, most of the energy will be in the spectral bandwidth = 400 to 700 nm (photosynthetically available radiation (PAR)). Higher and lower bandwidths are absorbed strongly in the upper meter of the ocean [Jerlov, 1976] .
We now ask under what conditions the following inequality holds' 020(z, t) As a first approximation to actual chlorophyll distributions, we might take B(z) to be 0 at z = 0 and to increase linearly with depth. In this case, B(z) = rnz, and G(z) = -Kcrn + (-Kw-Kcrnz) 2
The function G(z) crosses zero at depths corresponding to the roots of (7) and is negative between the roots, since we have taken rn, Kc, and Kw to be positive. The roots are
Kcm ( 
Sources of Error
Several sources of error in the preceeding calculations should be mentioned. To the extent that the upwelling component represents a significant fraction of the net downward irradiance, our estimates of the rate of storage (and consequently, the increase in heating rate) will be overestimated [see Morel and Bricaud, 1981 The coefficients Kc and Kw are strongly wavelength depend•nt, a feature we have suppressed, again for lack of information. In this analysis, only data below 5-10 m were used in regressions. Below this depth, the ratio of total energy to total quanta is relatively constant [Morel and Smith, 1974] and the error introduced is relatively small.
Our estimates of heating rates are also overestimated due to the neglect of the small 'background' chlorophyll concentrations near the surface. This can be dealt with as a linear increase in Kw: the main conclusion will be unaffected.
Some of the absorbed irradiance, rather than being directly converted into heat as we have assumed, is of course, stored as photosynthate by the algae. The storage is a relatively small fraction of the total absorbed energy due to the inevitable thermodynamic inefficiencies associated with the transformation [Morel, 1978 • would gradually decrease in depth as the upper surfaces were eroded. It may be that the commonly observed association of chlorophyll maxima with high density gradients may be more the influence of algal absorption on the density structure than decreased sinking rates of algae in these depth strata, as usually implied [Cullen, 1982] .
